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Defense Sciences
Steven Wax
Brett Giroir

Bio Warfare 
Defense 
Technologies
Biology
Materials & 
Devices
Mathematics

Information Processing 
Technology

Ron Brachman
Barbara Yoon

Cognitive Systems
Computational -
Perception

Representation &                     
Reasoning 

Learning
Natural Communication

MicrosystemsTechnology
John Zolper 
Dean Collins

Electronics
Optoelectronics
MEMS
Combined 

Microsystems

Tactical Technology
Art Morrish 

Gary Graham/Stephen Welby 
Air/Space/Land Platforms
Unmanned Systems
Space Operations
Laser Systems
Future Combat Systems
Planning / Logistics

Advanced Technology
Dave Honey
Larry Stotts

Assured C3ISR
Maritime
Early Entry/Special 
Forces

Special Projects
Amy Alving
Joe Guerci

Chem/Bio Def Systems
Counter Underground 
Facilities
Space 
Sensors/Structures
Navigation/Sensors/ 
Signal Processing

Information Exploitation
Ted Bially

Bob Tenney/Bob Popp

Sensors

Exploitation Systems

Command & Control

Joint Unmanned 
Combat Air Systems

Mike Francis

Common Systems & 
Technologies

X-45 System
X-47 System

DARPA Organization
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DARPA Accomplishments

Taurus Launch
Vehicle

Global Hawk

Future Combat System

Predator

MEMS
Mobile Robots

Uncooled IR

BAT

JSF Engine

19901990

X-45

20002000

Vela Hotel
Saturn

M-16 Rifle

Ground
Surveillance Radar

JSTARS

ATACMS

19601960

19701970

ARPANet

Stealth Fighter

Sea Shadow

19801980

GPS



FY 2004 – 2007 Budget

President’s Budget
(Millions of Dollars)

FY 2004 FY2005 FY 2006 FY 2007
2,815.4 2,976.7 3,083.8   3,358.6



• Protecting critical bases of operations (U.S. homeland, forces abroad, allies, and friends) 
and defeating chemical, biological, radiological, nuclear, and enhanced high explosive (CBRNE) 
weapons and their means of delivery

• Denying enemies sanctuary by providing persistent surveillance, tracking, and rapid 
engagement with high-volume precision strike, through a combination of complementary air and 
ground capabilities, against critical mobile and fixed targets at various ranges and in all weather and 
terrains

• Projecting and sustaining U.S. forces in distant anti-access or area-denial environments and 
defeating anti-access and area-denial threats

• Assuring information systems in the face of attack and conducting effective information 
operations

• Leveraging information technology and innovative concepts to develop an interoperable, joint 
C4ISR architecture and capability that includes a tailorable joint operational picture

• Enhance the capability and survivability of space systems and protect the infrastructure 
that supports critical space capabilities

QDR Operational Goals for Transformation



Budget by QDR Transformation Goals

FY
02

FY
03

FY
04

FY
05

FY
06

FY
07

FY
08

FY
09

Space Systems

Deny Enemy
Sanctuary

Project and Sustain
US Forces

Protect Bases of
Operation
Assure Access to
Info Systems
Leveraging Info
Tech
Other

Leveraging Info Tech

Space Systems

Deny Enemy Sanctuary

Project & Sustain US Forces

Other

Protect Bases of Operation

Assure Access to Info Sys



>70% Efficiency Laser Diode

Core Technology - Electronics

TFAST HBT cross-section

MEMS/NEMS

Photonics
Electronics

0.35 µm emitter width

Colorized SEM Cross-Section

0.35 µm emitter width0.35 µm emitter width

Colorized SEM Cross-Section

0.35 µm emitter width

Colorized SEM Cross-Section

0.35 µm emitter width0.35 µm emitter width

Colorized SEM Cross-Section

MEMS RF switch

Laser

Optics

Cell

Photodiode

1 mm
Chip Scale 
Atomic Clock

SiN 0.25 µm

Field 
Plate Gate

MEMS 
Safe-and-Arming 
Device

Vertically 
Integrated
Sensor Array

Chip-Scale OCDMA Transceiver

Substrate

1520 nm Laser

TE Cooler

Silicon 
Micro-bench

Output Fiber 

Input Fiber

Electrical 
Contacts

Ring Laser

Asymmetric MZI

Photo Diode

O-CDMA
TRANSMITTER

O-CDMA
RECEIVER

Data Modulator

Encoder

MUX
DEMUX

MUX

Phase Shifter

Decoder

DEMUX

14 mm (100 GHz 16 ch)

22 mm (50 GHz 32 ch)

8 m
m

Chip Scale 
OCDMA

Calculate
Covariance

Compute Adaptive 
Weights

Beam forming

Signal Processing mapped
to GPU architecture

Vector Processor STAP

GaN High Frequency Transistor

UV Laser
and LED

3D Electronics

FY 06
$210.4M



1mm1mm

30µm

Ti-6-4 Alloy

Baseline Ti alloy

Structural Materials

Low Cost Titanium
Less than $2 lb! Multi-functional 

Materials

A ttack  C onfigura tion

L ong  Endurance IS R

A ttack  C onfigura tion

L ong  Endurance IS R
Smart Materials

Morphing Aircraft

Materials for Logistics 

New Energy Sources
To Replace Batteries

EXOSKELETON
Soldier Support

Core Technology – Materials 

10x Reduction in UHF Antenna Size

Functional Materials

Water Harvesting
Obtain Water from Air

FY 06
$211.8M



Bio-Revolution

Revolutionizing Prosthetics

Biologically 
Integrated, Fully 
Functional Limb 
Replacements 

Controlled by the 
Brain 
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Bio-Inspired Robotics and Sensors

Bio-Fabrication
4 µ4 µ4 µ

Bio-Magnetics

FY 06
$168.8M

Maintaining Combat Performance



Computer Science

Integrated cognitive assistants that 
perceive, reason and learn

PAL

Time

PresentPast Future

Act
in the present

Observe
and learn from the past

Anticipate
and plan for the future

Introspect
on its own behavior

Interact
and take advice 

PAL

Time

PresentPast Future

Act
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and learn from the past

Anticipate
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Interact
and take advice 

Radically new 
high-

productivity 
computing 
systems

Self-regenerative software systems

Goal:
Deny
Service

Goal:
Become
Insider

outside
attacker

inside
attacker

crash,
corruption,
exhaustion

privilege
escalation

bad
command

Attacker
Objective

Foiled
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sensor

sensor

sensor

sensor

sensor

Reasoning

Meta-level reasoning & control

Learning
algorithms classifiers

Information 
repository

concepts facts

sensor

sensor

sensor

sensor

sensor

Reasoning

Meta-level reasoning & control

Learning
algorithms classifiers

Information 
repository

concepts facts

text

advice

teaching

The “world”

New ways for computers to  learn

Ground 
robots that 

learn to 
navigate

COORDINATORCOORDINATOR

COORDINATORCOORDINATOR

COORDINATORCOORDINATOR

COORDINATORCOORDINATOR

COORDINATORCOORDINATOR
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COORDINATORCOORDINATOR
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COORDINATORCOORDINATOR

Computer coordination managers to help 
adapt mission plans online

FY 06
$584.0M



DARPATech 2005
24th DARPA Systems & Technology 

Symposium
August 9 –August 11, 2005

Anaheim, California

GRAND CHALLENGE

National Qualification EventNational Qualification Event
September 28 September 28 –– October 5, 2005 October 5, 2005 

Fontana SpeedwayFontana Speedway

Grand Challenge EventGrand Challenge Event
October 8, 2005October 8, 2005

Southwestern United StatesSouthwestern United States

Upcoming Key Events



$2 million cash 
prize

8 October 2005

Winner takes all

The best 
autonomous 

robotic vehicles 
America can 

build

Miles of some of 
the toughest 
terrain in the 

world

The DARPA Grand Challenge



Dakota Robotics
Fargo, ND

Team Arctic Tortoise
Fairbanks, AK

Rob Meyer Productions
Autonomx
Tucson, AZ

AVEngineers
Arcadia, CA
sapper
Paradise, CA
Junk yard dogs
Salinas, CA

A.I. Motorvators
Axion Racing
The Golem Group/ UCLA
Team SARA
Go Baja
Team Riàdeil
Out-of-Knowhere
Team Symcas
Team AION
Thortech
Team Mark Antonelli
Palos Verdes HS Road
Warriors
Team OCCAM
Team RoboShack
Unmanned Vehicles 
International
Cobalt Horizons
CyberRider
SciAutonics/Auburn 
Engineering
Team Caltech
TeamDesignatedDriver
Rogue
COGNAV
LIPS_MALIBU
Team Auto-Triad
S
Team Robot Monster
Team Improbability 
Team Banzai
Alphalogix Alphaworks
Null Set
the Simf enterprise
UCLA/HUJ
Team Tormenta
UCI DARPA Grand 
Challenge Team
Team Philo
Servic Machines
Team Alice
Hollyware Optical 
Technology v1
Los Angeles Area, CA

McNeelly
Port Saint Lucie, FL

Team CajunBot
Lafayette, LA
Gray Team
Metairie
Green Wave
New Orleans, LA

Team Geochelone
New york, NY
Autonomous
Ingenuity
Rochester, NY
Team Ruamyarti
Queens Village, NY
Team LoGHIQ
Walden, NY
T3SEA
Cortland, NY
G-CART@RIT
Rochester, NY
Team Buffalo
Lockport, NY
GRASP Laboratory, 
University of
Pennsylvania
Philadelphia, PA

Red Team
Red Team Too
Pittsburgh, PA

Spurrier’s Hurriers
Mary Esther, FL

Planet Explorer
Renton, WA
Team Sleipner
Sequim, WA
The Prodigies
Olympia, WA 
Vista Engineering
Carson, WA
Allied Forces
Issaquah, WA
Cyber Nav
Bothell, WA
Roboway
Mercer Isalnd, WA

Day Star
Mc Caysville, GA

Team ZingerBot
Colorado Springs, CO

Mojávaton
Grand Junction, CO

Team White Cougar
the Las Vegas Gamblers
Las Vegas, NV

Intelligent Vehicle Safety 
Technologies II
Apple Valley, MN
Team Wellington
Danville, IL
Team Levin
Highland Park, IL
Team Fast Forward
Chicago, IL
Team MTR
Libertyville, IL

Team Excelsior
Severna Park, MD
oxOxo
Annapolis, MD
Omnitech
Queenstown, MD

Virginia Tech
Virginia Tech Team

Rocky 
Blacksburg, VA
Team ENSCO
Springfield, VA

Intelligent Vehicle 
Safety Technologies I
Littleton, CO
Utah Robotics
Kaysville, UT
BR Mobility
Murray, UT
Team Juggarnaut
Sandy, UT
FutureNowa
Provo, UT

The A Team
Kingman, AZ

Intelligent Machines
K1
Phoenix, AZ

Team Manticore - MIT
Cambridge, MA

Two Much Trouble
(T.M.T.)
North Berwick, ME

Austin Robot Technology
Austin, TX      
Mobile Autonomous robotics 
Society
San Antonio, TX
MonsterMoto
Cedar Park, TX
Armadillo-Bot
Bryan, TX
Pegasus
College Station

New Team (160)
2004 applicant (35) 

CIMAR
Gainesville, FL
Team UCF
Orlando, FL

RAV LLC
Oviedo, FL

Inginouity
Kansas City, MO
Team Phantasm
Ballwin, MO
Spirit of St. Louis
Fenton, MO
Smooth Operator
Cape Girardeau, MO

Calculated RISC
Fitchburg, WI
Team TerraMax
Oshkosh, WI
Team Go It Alone
Team Visionary Endeavor
Appleton, WI

Relentless
Winchester, MA
AppIntellect
Bellingham, MA
Team UMass Dartmouth
Dartmouth, Ma

Stockbrige High School
Stockbridge, GA
Newbies

Fort Gordon, GA
Team GA

Lyons, GA

Desert Buckeyes 
Columbus, OH
Cjase
Bearcats
Cincinnati, OH
Team Wedge
Wooster, OH
Kings High School
South Lebanon, OH

Patriot Robotics
Taylor, TX
Texas DARPA Challenge
Conroe, TX

Team Grand Challenger 
Rabid Ape Robotics
Houston, TX
Team Simple Genius
Humble, TX

AV Andrea Morgan
AV Sydney Bristow
AV Wendy Darling
Traverse City, MI
Sakoryat
Oak Park, MI
Team CrossLand
Haslett, MI

Insight Racing
Cary, NC

195 teams from 36 states

Team 2015
Jacksonville, FL

BJB Engineering
Willoughby Hills, OH
Team Jefferson
Crozet, VA

Rust Bucket Racing
Temple Terrace, FL
TEAM LONG SHOT
St. Petersburg, FL

Team CART
Bluefield, WV
Team Greene
Milton, WV

Not Shown:  Autonosys, West Coast Robotics and  UBC-
CERM3 Team Thunderbird  – Canada,
Grand Challenge New Zealand, Dotmobil Team –France,

IQ (Intelligent Quad)
Indy Robot Racing Team
Cakewalk
Indianapolis, IN

Team ET
Kokomo, IN
Robotic Navigation

Greenwood, IN
The Challengers
Rising Sun, IN

COPERNICUS
Larchmont, NY

Team Cornell II
Team Cornell
Ithaca, NY

Atlas Offroad
New Haven, CT

Highlander Racing
Monroe, NJ

Princeton University
Princeton, NJ

AutoTrek
Moorestown, NJ
Desert Arrow
Manassas, VA
The MITRE Meteorites
McLean, VA

Hepner Robotics
Edinburg, VA

Team George
Knoxville, TN

OK Rover
Broken Arrow, OK
TeamNOVA
Chickasha, OK

Team Nomad
Ridgecrest, CA

Autobots
Lincoln, NE

Team-Possible
Seymour, TN
Team UTC
Chattanooga, TN
Intrepid
Birminigham, AL
Trobo
Petal, MS

Lunatic Fringe
Sunnyvale, CA
Team Overbot
Redwood City, CA
True Vision
Atascadero, CA
“R” Junk Works
Lancaster, CA
KNetX
Quartz Hill, CA

Herbie Goes!
Escondido, CA
GP Machine Intelligence
San Marcos, CA
Team Underdawg
San Jose, CA
Autonomous Vehicle 
Systems
Simple Solutions Inclusive

TouchTech
San Diego, CA

Easy Does It
Ventura, CA
Mojave Lions
Cerritos, CA
Terra Engineering
Rancho Palos Verdes, CA

I to the Future
StoneWalker
Albuquerque, NM

Team Texas Tech
Lubbock, TX

Blue Team
Berkeley, CA
Standford Racing        
Team
Stanford, CA
Team Aggie Spirit
(UC Davis)
Davis, CA
Team Cal Poly
Ben Lomond, CA
Team DAD
Morgan Hill, CA

Oregon WAVE
Corvallis, OR

University of Washington
Seattle, WA

D2
Honolulu, HI

3 High Schools / 35 Universities

Grand Challenge Applicants for 2005 Event



Palos Verdes HS Road Warriors



Gun Truck

Rapid Reaction Support to Warfighters

Marine Airborne 
Re-Transmission System

DARPA TIDES Iraq Reconstruction Report

Tracking

Transcription

Translation

Tagging

Server

English
Speaker

(CENTCOM)

Arabic
Speaker
(NVTC)

eTIRR

Phraselator – Translator  

“DARWARS”

Rapid Tactical Language Training
Command Post of the Future (CPOF)

Boomerang

MIOX Disinfection Pen



What Happened to University Funding 
(Especially Computer Science)?



DARPA Funding, Selected Universities FY99 - FY04



DARPA Funding of Universities and Computer Science
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FY 04 Constant Dollars

Average 
= $578M

19.2%$2,354.3M$452.8MTotal
8.6%$1,076.3M$92.3M6.3 Adv.Tech. Dev.
24%$1,128M$270.4M6.2 Applied Res
60%$150.3M$90.1M6.1 Basic Res

University 
Percentage

Average Overall 
DARPA Funds

Average Funds to 
University Performers*FY02 to FY04

DARPA Computer Science 
Funding Trends ($M)



Summary
• Where did the money go since overall University funding has not gone 

down?
– Accomplished survey of University websites

• Discovered that multi-disciplinary efforts are the wave of the future

• We agree with the Universities

• But we also believe that the individual Disciplines need to be funded

– Healthy funding of individual disciplines required to assure that multi-disciplinary 
efforts can be done

– Block grant funding is a vehicle
• All disciplines, not just Computer Science

• DoD is doing its part
– National Defense Graduate Fellowship
– Building on SMART program Congress established in FY05 (DARPA has 2 Interns)
– Multi-disciplinary University Research Initiative (MURI)
– Focused Research centers (Microelectronics, Nanotechnology, Cognitive?)



The Massachusetts Institute of Technology is  the lead university for the 
Materials, Structures, and Devices (MSD) Center and Prof. Dimitri 
Antoniadis  its director. This center will push CMOS scaling to its 
ultimate limit through advanced FETs incorporating novel materials and 
explore new frontier devices such as nanotube devices, molecular
devices and spin based FETs, with due emphasis on coupling 
experiment with theoretical modeling and simulation .  

The University of California at Berkeley is the lead university for the 
System Design and Test Focus Center (Gigascale System Research 
Center--GSRC) and  Prof. Jan Rabaey the center’s director. The Design 
and Test Center’s research agenda addresses the design, verification, 
and test of complex, heterogeneous (embedded) systems-on-a-chip/ 
package, covering the complete spectrum from system specification to 
implementation on emerging circuit fabrics.

DUSD (LABS)

GSRC – Gigascale System Research Center

IFC – Interconnect Focus Center

MSD – Materials, Structures, and Devices

UC-Berkeley
Caltech
CMU
Ga Tech
Michigan
MIT
Penn State
Princeton
Purdue

Focus Center Research Program (2004)

AMD LSI Logic
Analog Devices Micron
Conexant Motorola
Cypress National
IBM TI
Intel Xilinx

Stanford
UCLA
UCSB
UC SC
UCSD
UIUC 
U T Austin

Air Products
Applied Materials
Cadence 
Novellus
Teradyne

DARPA

Prof. Jan Rabaey

Prof. James Meindl

Prof. D. Antoniadis

Georgia Tech
CMU 
Cornell
MIT
NC State 
RPI
Stanford

Caltech  
Cornell
NC State 
Penn State 
Princeton 
Purdue 
Stanford 
U at Albany

U at Albany
UCBerkeley
UCSB 
U . Central Florida
UT Austin

CMU
Columbia  
Cornell  
Ga Tech
MIT
Stanford
UC-Berkeley

UCLA
UCSD
U. Florida
UIUC
U Washington

Sponsors:

Department of Defense

The leadership for the Interconnect Focus Center (IFC) is based at the 
Georgia Institute of Technology. Professor James Meindl is the focus 
center director. The center’s research teams examine high conductance 
nanoscale electrical interconnects, optical interconnects that will scale 
to meet the needs of future gigascale silicon electronic systems, novel 
thermal management solutions and interconnect driven circuit and
system design.

The Focus Center for Circuit and System and Software (C2S2) is led by 
the Carnegie Mellon University. Professor Rob Rutenbar is the center 
director. The center’s research focuses on inventing the circuit 
techniques and system concepts needed for integrating heterogeneous 
devices as well as converting end-of-roadmap devices and the 
promising post-CMOS devices into robust performance across the most 
diverse range of applications.

C2S2 – Center for Circuits, Systems, and Solutions

Prof. Rob Rutenbar

FENA – Functional Engineered Nano Architectonics 
The University of California at Los Angeles is the lead University for the 
Center for Functional Engineered Nano Architectonics (FENA) and 
Professor Kang Wang the center director. This center will research into 
critical nanomaterials and process challenges that address the core 
problems of nanoscale device technology.  FENA will examine novel 
nanoscale materials and structures, with potential  to be incorporated in 
devices and architectures of the futureProf. Kang Wang

UC-Los Angeles
Arizona State
Caltech
MIT
NC State U
UC Berkeley
UCLA 

UC Riverside
U at  Stony Brook 
UCSB
U Minnesota
USC  

MIT
UC Berkeley
UCLA
UC SB  
U Florida
U Maryland
UT Austin
U Virginia



Questions?


